To reveal bulky-substituent effect ofpyrromethene dye in sensitization mechanisms in photopolymer layer for laserprinting plate, the sensitization mechanisms of a pyrromethene dye, which has a bulky t-lxit4methyl group at 5 atom, with a radical generating reagent, 1,3,7,9-t ramethyl-5-t butylmethylpyrromethene-BF, (BHB) and with 3,Y,4,4'-tetralas(tbutyldioxycarbonyl)benzophenone (BP), in a poly(methylmethac ylate) (PMMA) film were investigated by means of both laser flash photolysis using total reflection cell and a single photon counting as well as in dilute solution, and compared to the sensitization mechanisms for a pyrromethene dye, which has a non-bulky methyl group at atom 5,1,3,7,9tetmmethyl-5-methylpyrromethene-BF, (BHIV) [1-i].
Introduction
Much attention has recently paid to photoinitiation over visible light iiradiation [1 and 2] . The photopotymer coating layer containing pyrromethene dyes and a BP affords a sensitivity at 514 rnn excitation of argon ion laser which was equipped to the laser unaging systems.
The sensitivity, 0.5 mJ an z for the photopolymer containing BHB and BP on 514 mn was 2 times higher than that for BHM. To reveal the reason for increase of sensitivity as incorporating bulky t butyhnethyl group into pyn-omethene dye ( fig. 1 ), dye-sensitization mechanisms for photopolymer coating layers have been investigated by means of both single photon counting and laser-flash photolysis using a total reflection [3 and 4] In the investigation using a single photon counting, the stretched decay of fluorescence for BHB in the presence of BP in a PMMA filin was observed, and no transient absorption was detected by the laser flash photolysis.
As for the stretched decay in a photoexcited state, stretched decays of phosphorescence in amorphous , anthraquinone, and phenanthrene were reported by Basselea-et al [5] . In the report orientational differences of asyrrunetric molecules (dipolar disorder) and abandon of lattice periodicity (amorphous shucture) in amorphousorganic molecules caused energetic disorder by a fluctuation of the resonant and nonresonant energy between the molecules, affording the J. Photopolym. SC1. Ted/mo1., Vo1.12, No.5, 1999 energy hopping across an array of sites with Gaussian energy In this paper we describe the difference in Schematic illustration of excitation J. Photopolym. Sci. Technol., Vol.12, No.5 , 1999 sensitization mechanisms between BHB and BE-IM, which were coasted by bulky-substituerrt of pyiromethene dyes.
Z. Experimental
The dyes, BHB, was prepared according to the Laser flash photolysis in film was performed using a total reflection sapphire cell (10 X 30 mm, l mm thickness, and both short sides were cut at a 45 degree angle), which was spin-coated with a 1.2 µ m photopolymer film as depicted in Fig. 1 ; details concerning the apparatus are described elsewhere [4] . Mw= 50000) onto a grained aluminum plate and drying it at 80 °C to produce a 1 µ m thick film, was exposed through a step tablet (Kodak photographic step tablet no . 2) by the 488 nm band of a super-high-pressure mercury lamp, which was isolated by using Y-47 and KL-49 filters.
The incident energy required to insolubilize the last step of the layer was defined as sensitivity [9] . rlln, for BHB in PMMA film was larger than that, 23 nm, for BHM. The profile of absorption of BHB in the concentration range of BHB from 2 to 6 x 10"2 mol dm3 in PMMA film was almost same. Figure 4 shows 1. Photopolyr. Sci. Technol., Vol.12, No.5, 1999 Considering the results of molecular orbital calculation for BHP, the relaxation mechanism of photoexcited BHB can be predicted as depicted in Fig. 11 .
The ground state has a stable conformer with an bulky t butylmethyl group, which is fully rotated with respect to the rigorously planer pyrromethene framework The ground state is photoexcited to an excited state (S, (A)), by absorbing a laser pulse. S1(A) undergoes rotation of t butylmethl group to a relaxed state (S1(B)), which is analogous to the metastable conformer of BHP, since the photoexcited state for BHB has no large resonance stabilization of phenyl ring and atoms 4,5, and 6 on BHP. S1(B) decays radiatively or nonmdiatively, or is quenched by BP.
The rotated t butylmethyl group of BHB increased the potential energy surface of the ground state by a larger repulsion between tbutyknethyl group and 3-and 7methyl group on BHP, leading to decrease a singletexcitation energy for BHB. Thus the longer wavelength of maximum in absorption for BHB than that for BHM ( Figure 3 ) supports the relaxation mechanism in Figure   11 . As S1 surface for BHB approaches closely to a ground state, the nonradiative deactivation from Sl to so for BHB is accelerated, and then the fluorescence-decay time for BHB become short. The large confonnation change in the singlet-excited-state surface from S1(A) to S1(B) for BHB affords the larger storks shift BHB than that for BHM , which is consistent with the experimental results in respect to storks shift 32 and 23 mu for BHB and BHM in Figure 3 . The shorterfluorescence-decay time for BHB, 3.7 ns, suppresses a To elucidate the quenching mechanism by electron transfer from photo-excited BHB to BP, the redox potentials of dyes which were measured by cyclic voltammetry as Fox = 1.33 V (vs. SCE) for BHP, and Fred = -1.18 V for BP [12] . The free energy change (L~ G) for election transfer was obtained from Rhem and W'eller equation [13] , LAG = -0.01 eV; L G = Eox -Fred -Eoo -C where Eoo is the excitation energy , 2.45 eV of the BHB-singlet-excited state, and C, coulombic term, usually assumed to value ca 0.1 eV for acetonitrile solvent
The low free energy change (AG) implies the possibility of electron transfer from the singlet excited state of the dye to the round state of BP [13] .
The origin ofincrease in sensitivity for BHB at 514 nm argon ion laser, can be attributed to the higher absorflance at 514 run for BHB compared to that for BHM, since the quenching radius for BHB is shorter than that for BHN1, and fluorescence quantum yield ( 0 f) for MHB, c1 f = 0.56. was lower than that for MHNL, q )f = 0.91; absorption coefficient ( c ) at absorption maximum in acetonitrile for the dyes is 4.7 x 10`f at 497 nm and 9.3 x 10` at 512 nm for BHM and BHB.
Finally it is suggested that the static-singlet-quenching process from the dispersive photoexcited BHB to BP is predominant in the sensitizattion,and the higher sensitivity for BHB at 532 nrn laser exposure than that for BHM is caused by the higher absorbance at 532 rnn for BHB than that for BHM.
